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EARTHQUAKES and SEISMOLOGY 
The great majority of earthquakes are caused by the movement of faults. Two terms 
are used to determine the location of an earthquake, focus and epicenter. The focus 
of an earthquake is the point along a fault where the rocks slipped and released the 
energy previously stored during the elastic phase of deformation. Because faults 
represent brittle deformation, the highest frequency of earthquakes occurs at Earth's 
surface and decreases with depth as rocks become less brittle and more plastic. The 
deepest earthquake foci occur at depths of about 640 km. ( 400 mi.) which is the 
deepest penetration of subducting oceanic plates. The epicenter of an earthquake is 
the point on the surface immediately above the focus and is the point at which the 
surface waves originate. Being the point on the surface closest to the origin of the 
energy, the epicenter of an earthquake generally experiences the maximum amount 
of damage. Note that while earthquake foci can occur anywhere from Earth's 
surface to a depth of 640 km., the epicenter of an earthquake is always at Earth's 
surface. 
Most earthquakes occur at the divergent and convergent plate boundaries 
where the lithosphere is undergoing brittle deformation. The tensional forces 
associated with the divergent plate margins result in the formation of normal faults 
while the compressive forces that dominate convergent plate margins result in the 
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formation of the thrust or reverse faults commonly referred to as zones of 
subduction. 
The earthquakes associated with divergent and convergent plate margins also 
differ in magnitude. Because rocks are generally weak under tension, the amount of 
energy that can be stored during the elastic phase of deformation is limited, 
resulting in the earthquakes associated with divergent plate margins usually being 
of lower magnitude. In contrast, because rocks are strong under compression and 
can therefore store relatively high levels of energy during the elastic phase of 
deformation, the earthquakes associated with the convergent margins are always 
potentially life-threatening. All zones of subduction have the potential to be the 
source of a magnitude 9 earthquake. 
I 
The frequency of earthquakes decreases from a maximum at Earth's surface 
where the rocks are most brittle to a depth of about 720 km ( 450 mi) where the 
frequency of earthquakes essentially drops to zero as the rocks began to respond 
totally as plastic materials that are no longer capable of breaking. Seventy five 
percent of all earthquakes occur within the first 65 km ( 40 mi) of Earth's surface 
and are referred to as shallow-focus earthquakes. Because the faults that form at the 
divergent plate margins only involve the lithosphere, most earthquakes associated 
with tensional rifting are shallow-focus. In contrast to the earthquakes associated 
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with the divergent plate margins that are limited to shallow-focus depths, those 
associated with the convergent plate margins occur at depths ranging from Earth's 
surface to the maximum depth of 720 km ( 450 mi). Of all the earthquakes 
associated with the zones of subduction, 75% occur within 65 km ( 40 mi) of 
Earth's surface with the remaining earthquakes distributed along the subducting 
oceanic plate as intermediate focus and deep-focus earthquakes. 
During 1940, before the advent of plate tectonics, two seismologists, Kiyoo 
Wadati of the Central Meteorological Observatory of Japan and Hugo Benioff of 
the California Institute of Technology, were studying intermediate and deep-focus 
earthquakes when they noticed that their foci were located within a plane that 
dipped beneath the ocean floor just seaward of volcanoes that either formed chains 
of volcanic islands such as the Aleutian Islands or were part of a volcanic mountain 
range located along continental margins such as the Andes or Cascade Mountains. 
Based on these data, they determined that the zone of earthquakes terminated at a 
depth of about 700 km ( 435 mi) below the ocean floor. It was not until the advent 
of plate tectonics that the significance of their observations was fully realized. We 
now know that their zone of earthquakes, now referred to as the Wadati-Benioff 
Zone, represents the contact between the subducting oceanic plate and the overlying 
rocks. 
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While most earthquakes are associated with plate margins, some earthquakes, 
called intra-plate earthquakes, occur within the confines of the plates. Two zones 
of intra-plate earthquakes exist in the United States; the New Madrid, Missouri 
Seismic Zone and the Charleston, South Carolina Seismic Zones. Historically, most 
earthquakes associated with intra-plate seismic zones have been of low magnitude. 
However, during the winter of 1811-1812, the New Madrid area experienced three 
earthquakes with estimated magnitudes in excess of 8.0 that caused widespread 
destruction. In 1886, Charleston, South Carolina, suffered an earthquake estimated 
to have a magnitude of 7.6. Although several theories have been presented to 
explain intra-plate seismic activity, no one theory has universal acceptance. One 
theory, however, that seems to explain both the New Madrid and Charleston 
seismicity reasonably well proposes that both seismic zones are the result of 
weaknesses within the North American plate resulting from previous tectonic 
activity. For example, the New Madrid seismic zone is located above a failed rift 
zone called the Reelfoot Rift that formed about 550 million years ago while 
Charleston is underlain by a rift that developed about 180 million years ago shortly 
after the Atlantic Ocean began to open. According to the theory, the stresses that 
develop within the North American plate as it moves westward in response to the 
opening of the Atlantic Ocean initiates failure along these two former fracture 
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zones. While more than a century has passed since any major earthquake has 
occurred in the Charleston area and two centuries since the devastation of the 1811 
New Madrid earthquake, there is every reason to believe that other earthquakes of 
comparable magnitude may occur in the future; a possibility that should be taken 
into account by city planners. 
Two terms are used to relate the force of an earthquake, intensity and 
magnitude. The intensity of an earthquake concerns the effect on humans and the 
amount of damage experienced by natural and man-made objects. The first scale to 
evaluate earthquake intensity was the ten-step Rossi-Forel Scale devised in 1873 
by Michele Stefano de Rossi ( 1834-1898) of Italy and Francois Alphonse F orel 
(1841-1912) of Switzerland. The Rossi-Forel Scale was modified in 1883 and 1902 
by an Italian seismologist, Giuseppi Mercalli 1850-1914) and expanded to a twelve-
step scale by a German geophysicist, August Sieberg ( 1875-1945). In 1931, the 
scale was modified by Harry Wood and Frank Neumann and later improved by 
Charles Richter, the originator of the Richter Scale. Today, the intensity scale is 
called the Modified Mercalli Scale. The first four steps of the Modified Mercalli 
Scale, steps I, II, III, and IV, deal with how the earthquake was felt by people while 
the remaining steps are based on the amount of damage incurred with the last three 
steps, X. XI, and XII, being disastrous•, very disastrous, and catastrophic 
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respectively. 
The magnitude of an earthquake refers to the amount of energy released. In 
1935, Charles Richter ( 1900-1985), a professor at California Institute of 
Technology, devised the Richter Scale which uses an instrument called a 
seismograph to measure the actual amount of Earth movement during an 
earthquake. These data are then used to calculate the amount of energy released 
during an earthquake. Originally designed to study medium-sized earthquakes, the 
Richter Scale did not work well for earthquakes with magnitudes in excess of 7.0. 
The shortcomings of Richter's Scale were taken into account in 1979 by Thomas 
Hanks and Hiroo Kanamori of Harvard University with their introduction of the 
Moment-Magnitude Scale. Today, the Moment-Magnitude Scale is used 
exclusively for earthquakes with magnitudes of 8 or greater. For medium-
magnitude earthquakes, both the Moment-Magnitude and Richter scales give the 
same scale number while for the lower magnitude earthquakes, which include the 
greatest majority of earthquakes worldwide, the Richter Scale remams m 
widespread use. 
In terms of the amount of damage incurred by an earthquake in the United 
States, perhaps the San Andreas Fault is most well-known. The San Andreas Fault 
is a transform fault with a right-lateral strike-slip movement that is the boundary 
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between the Pacific Ocean and North American lithospheric plates. The fault 
extends from the Salton Sea at the northern end of the Gulf of California north to 
Cape Mendicino, a distance of about 1300 km (800 mi). The San Andreas Fault 
was created about 20 million years ago as the westward-moving North American 
plate encountered the Pacific plate. At the present time, the western block of the 
fault is moving northwestward at an average rate of about 35 mm (1.4 in) per year. 
The famous San Francisco Earthquake occurred at 5: 12 AM on the 18th of 
April, 1906, was a rupture occurred along a 4 77 km. (296 mi.) segment of the San 
Andreas Fault, creating a maximum surface displacement of about 6 meters (20 
feet). Originally, it was thought that the epicenter of the earthquake was located in 
the Point Reyes area of Marin County, about 40 km (25 mi) north of San Francisco. 
However, most recent analyses have placed the epicenter along the coast near 
Mussel Rock just south of San Francisco. Although neither the Richter nor the 
Moment Magnitude scales existed at the time, based on the amount of damage, 
estimates indicate the earthquake to have a magnitude of about 7. 8. The damage 
suffered by San Francisco included a death toll that exceeded 3,000 with property 
damage estimated at the time to be more than $400 million. The combined 
insurance company claims submitted following the earthquake were the equivalent 
of nearly $6 billion in 2008 dollars. 
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Most of the property damage incurred by the city was the result of fires. In 
1906, San Francisco was the largest and fastest growing city on the west coast. 
Although multi-storied sky scrapers built around steel frameworks were already 
part of the city, most of the buildings were constructed of wood. Many buildings 
that, from the street, had the appearance of being built of stone or brick were, in 
fact, wooden structures with stone or brick facades. While electric lights had made 
their appearance, most of the city was lit by a combination of natural gas and 
kerosene lamps. One of the municipal developments of which the citizens were 
proud was that they had eliminated the old fire-fighting equipment consisting of 
horse-drawn wagons loaded with hoses, tanks of water and a steam engine 
operating a pumping system for the water. They had built water reservoirs atop the 
highest hills such as Knob Hill that were connected to fire hydrants throughout the 
city. As is always the case, the major source of damage during earthquakes is fire. 
Throughout the city, many of the fires were set when kerosene lamps were toppled 
by the quaking and burst, spilling the kerosene which caught fire. Movements of the 
steep slopes that characterize the landscape of the region severed gas lines and 
allowed gas to fuel the fires. When the firemen went out to fight the fires, they 
found many streets blocked by fallen building facades. When they were able to 
hook up to the city's hydrant system, they found that the slippages that had severed 
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the gas lines had also severed the water mains; their water reservoirs were empty. 
With no water available from the hydrant system to fight the fires, they began to 
pump water from the Bay. However, by that time, the fires were out of control and 
raged on for four days. Attempts made to control the advance of the fires by 
dynamiting down entire city blocks in hopes of creating fire breaks had 
questionable effect on controlling the fires. In fact, more often than not, the 
dynamiting actually spread existing fires, setting structures on fire that had not yet 
burned. During the first days, the army was called out from the nearby Presidio 
army base to provide patrols to control looting and to guard government buildings 
such as the mint. Following the earthquake, the Army built more than 5,000 
structures that housed more than 16,000 displaced people. In the end, about 90% of 
the city had been destroyed by fire. Although most of the attention has historically 
focused on the damage experienced by San Francisco, other nearby towns also 
suffered major damage including San Jose and nearby Santa Rosa whose downtown 
was essentially totally destroyed. 
Until the 1906 San Francisco earthquake, little was known about what went 
on during an earthquake. If anything of value can come from such a disaster it was 
the fact that, for the first time, it was shown that there was a clear correlation 
between the amount of damage incurred and the underlying geology. Data showed 
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that areas located in sediment-filled valleys sustained stronger quaking than nearby 
bedrock sites and that the areas that experienced the maximum amount of quaking 
were located at sites of landfills. As a result of what was learned, California became 
one of the leaders in the design of earthquake-resistant structures as well as 
legislation meant to protect both people and property against future earthquakes. 
Ironically, the debris from the 1906 earthquake was hauled down to the edge of the 
Bay where it was dumped. Eventually, the land surface created by the debris 
became the site of the Marina District town houses that suffered most of the damage 
to the city during the 1989 Loma Prieta Earthquake. The Loma Prieta Earthquake 
occurred during the warm-up for the third game of the World Series on the 17th of 
October, 1989. The earthquake was the result of movement along the San Andreas 
Fault. Assigned a magnitude of about 7, the Loma Prieta was the largest earthquake 
recorded along the San Andreas Fault since the 1906 San Francisco earthquake. It is 
interesting to note that the crew of the Goodyear blimp, which was in the air over 
San Francisco at the time of the earthquake, reported the blimp being bounced 
around by shockwaves originating from the earth movement. This was the first 
recorded evidence indicating that the air column above an earthquake is affected by 
the movement of Earth's surface. The epicenter for the earthquake was located in an 
unpopulated portion of the Santa Cruz Mountains about 16 km. ( 10 mi.) northeast 
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of Santa Cruz and about 89 km. (55 mi) south of San Francisco. The earthquake 
was named for Loma Prieta Peak which is located about 8 km. ( 5mi.) to the 
northeast of the epicenter. Throughout northern California, the earthquake killed 63 
people, injured 3,757 people and left nearly 12,000 people homeless. Property 
damage was estimated to be as much as $13 billion, most of which was in the San 
Francisco area. One locality that suffered major damage was the Marina District 
where town houses that were built on the landfill created from the rubble of the 
1906 earthquake that was disposed of along the edge of the Bay. As the shock 
waves passed through the loose, water-saturated debris, the debris underwent what 
is referred to as earthquake liquifaction. As the material liquified, support for the 
overlying structures was eliminated, causing the structures to settle into the fill. It is 
ironic that the collapse of the Marina area recreated the exact same conditions that 
were experienced during the 1906 earthquake as severed natural gas lines fed fires 
and severed water mains significantly reduced water pressure within the hydrant 
system. Fortunately, the amount of damage was not on the same scale. With water 
pumped from the Bay, the fires were eventually extinguished. The worst damage in 
the area, however, occurred on the eastern side of the Bay where the Cypress 
Section of I-880 in West Oakland collapsed. The supports for the two-decked 
freeway were built on filled marshland that amplified the quaking as the 
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shockwaves passed by. The combination of out-dated building standards and an 
unstable foundation resulted in the twisting of the freeway to the point where 
support columns failed, allowing the upper deck to fall onto the lower deck, 
crushing 41 people in their cars. 
Other earthquakes beyond the U.S. deserve mention. One such earthquake 
was the 1556 Shensi, China, Earthquake. The 1556 Shensi Earthquake is the most 
violent earthquake recorded in all of historic time. The estimated Modified Mercalli 
Scale intensity was XI and the magnitude of the earthquake was set at more than 8. 
The epicenter of the earthquake was located about 89 km ( 50 mi) east-northeast of 
Xian and about 900 km (560 mi.) southwest of Peking. In Xian, 90% of the homes 
were destroyed and 30% of the inhabitants were killed. Damage from the 
earthquake was recorded as far as 430 km. (270 mi.) from the epicenter and the 
tremors were felt more than 800 km. (500 mi.) away. The worst statistic, however, 
was the death toll. It is estimated that 830,000 identified soldiers and civilians died 
as a result of the earthquake with uncountable unidentified victims. Many of the 
deaths resulted when homes carved into loess cliffs collapsed. All of northern China 
is covered with a blanket of loess up to several hundred feet thick that consists of 
dust that has been blown out of the Gobi Desert for millions of years. Because of 
the angularity of the dust particles, the particles interlock, allowing the loess to 
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maintain vertical cliff faces many tens of feet high while at the same time being soft 
enough to be dug out by pick and shovel. Even today, throughout northern China, 
hundreds of thousands of people live in homes carved into the loess cliffs 
Another major earthquake was the 1976 Tangshan, China, Earthquake. The 
earthquake occurred on the 27th of July with an epicenter located about 580 km. 
(360 mi.) northwest of Shanghai, China. The magnitude of the earthquake was 
about 7.5 with damage from the earthquake being recorded as far away as Peking, 
about 800 km. (598 mi.) to the north. The most serious statistic, however, is that the 
earthquake resulted in the second greatest death toll after the Shensi earthquake and 
the greatest death toll in the past 400 years. While the official death toll was set at 
255,000 people with estimated numbers ranging as high as 655,000 killed with 
799,000 injured. 
The Sumatra-Andaman Earthquake occurred the 26th of December of 2004 
and was originally evaluated by the U.S. Geological Survey as having a magnitude 
of 9 .1. However, recent evaluations by Dr. Hiroo Kanamori of the California 
Institute of Technology have placed the magnitude between 9.1 to 9.3. Within the 
past century, only two earthquakes exceeded the Sumatra-Andaman earthquake in 
magnitude; the 1960 Chilean earthquake (M = 9 .5) and the 1964 Prince William 
Sound, Alaska, earthquake (M=9 .2). Earthquakes with magnitudes of 9 or greater 
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only occur when slippage occurs along a large segment of a zone of subduction. 
In the case of the Sumatra-Andaman earthquake, it is estimated that 1,600 km. (994 
mi.) of fault line slipped about 15 m ( 5 0 ft.) over a period of a few minutes. The 
portion of the zone of subduction that moved is located where the India Plate 
subducts under the Burma Plate; the India Plate is part of the Indo-Australian Plate 
which underlies the Indian Ocean and Bay of Bengal. The focus of the earthquake 
was located about 160 km (100 mi.) off the western coast of Sumatra at a depth of 
about 3 0 km (19 mi.). The initial rate of movement of the plate was an astonishing 
10,000 km/h (6,300 mph), slowing as the plate moved northward to about 7,600 
km/h (4,700 mph). As a result of the slowing of the movement, the size of the 
tsunami that affected the northern coastlines of the Indian Ocean was significantly 
reduced. The tsunami that devastated the region was created as huge volumes of 
ocean water were displaced as the seabed sudden rose. As is the case with all 
tsunamis, the amplitude of the wave as it travels in deep water is barely discernable 
by someone at sea. For example, satellite data indicated that two hours after the 
earthquake, the amplitude of the tsunami over deep water was less than 60 cm. (2 
ft). Although the amplitude is low, tsunamis typically travel at speeds that may 
reach as high as 1,000 km/h (620 mph). Upon entering shallow water, the tsunami 
slows to only a few tens of kilometers per hour but increases greatly in amplitude. 
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Where the tsunami came ashore, wave heights of as much as 24 m (70 feet) were 
observed. As a result of the north-south trend of the fault, the tsunami traveled 
primarily in an east-west direction. Because of the distances involved, it took up to 
seven hours for the tsunami to reach distant shores. For example, it took from 90 
minutes to two hours for the tsunami to arrive at the east coast of India and Sri 
Lanka where substantial damage occurred. Because of the enormous amount of 
energy involved, the tsunami was able to travel thousands of miles from its point of 
origin. For example, the tsunami was detected along the coast of South Africa, 
8,500 km (5,300 mi.) away. Some of the energy of the tsunami actually escaped the 
confines of the Indian Ocean, crossed the Pacific Ocean and created waves along 
the western coastlines of North and South America with amplitudes of up to 40 cm 
( 16 in). Even with the amount of time that elapsed between the time of earthquake 
and the arrival of the tsunami, the lack of a tsunami-warning system within the 
Indian Ocean basin resulted in most inhabitants of the coastal regions being caught 
totally unawares. The United Nations recorded a total of 186,983 dead, 42,883 
missing, and more than 1 million displaced. One can only guess at the number of 
lives that would have been spared had the Indian Ocean had a tsunami warning 
system. 
On April 1, 1945, an earthquake in the Aleutian Islands created a tsunami 
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that reached the Hawaiian Islands 5 hours later, resulting in 159 deaths and 
widespread destruction on the low-lying portions of the islands. Commander 
Charles K. Greene of the U.S. Coast and Geodetic Survey, using readings he 
acquired from tidal gauges, calculated the amount of time that it would take the 
tsunami created by the earthquake to reach various sites within the Pacific Ocean 
basin. He discovered that his calculated times compared quite well with the actual 
arrival times of the tsunami. The tidal data also showed that, before the arrival of 
the tsunami, there was a large withdrawal of water from the shore followed by a 
small run-up which was then followed by the long-period waves of the tsunami. 
From these observations, he designed a system of tidal gauges that would 
distinguish between wind-generated waves and other short-period water oscillations 
and the long-period waves associated with the tsunami. Once the approaching 
tsunami was detected, the system would set off alarms in civilian and military posts 
throughout the Pacific basin. His first system, primarily designed to protect the 
Hawaiian Islands, was installed by 1949 and consisted of a series of seismograph 
stations with the ability to rapidly calculate the location of an earthquake epicenter, 
and determine improved time-travel graph for tsunamis. Tidal gauges were located 
on buoys throughout the northeastern Pacific basin that detected the passing 
tsunami, equipped with high-speed communications that transmitted warnings to 
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receiving stations in the Hawaiian Islands. By 1964, Greene's system was deployed 
throughout the entire Pacific Ocean basin. This early warning system was the 
predecessor to the present warning system operated by the U.S. National Oceanic 
and Atmospheric Administration. 
Because the Pacific Ocean basin is surrounded on three of four sides by 
zones of subduction, the islands and coastal margins of the Pacific basin experience 
more tsunamis that any other place on Earth. The Deep-Ocean Assessment and 
Reporting of Tsunamis (DART) project was developed by the National Oceanic and 
Atmospheric Administration, NOAA, in an attempt to improve the original system 
deployed in 1949 and updated in 1964 by the U.S. Coast and Geodetic Survey for 
the early detection and reporting of tsunamis within the Pacific Ocean basin. The 
first DART detection system, DART I, consisted of stationary buoys that detected 
sea level changes as a tsunamis passed by and relayed the information to the various 
tsunami warning centers located around and within the Pacific Ocean basin. In 
2005, the DART II system that was placed in operation had additional sensors on 
the ocean bottom that periodically monitor the water pressure on the ocean bottom, 
detect an approaching tsunami, and measure the change in water pressure as a 
tsunamis passes overhead. These data are then relayed by way of acoustic telemetry 
to the buoy system which, in turn, relays the information via satellite to the tsunami 
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warning system. In the DART II system, the tsunami warning centers also have the 
capability of sending a signal via the satellite and buoy to activate the seafloor 
pressure recorder in anticipation of an impending tsunami. Upon receiving a 
warning of an oncoming tsunami, tsunami-prone localities such as the Hawaiian 
Islands immediately activate a network of sirens that warn the populace to abandon 
the low-lying portions of the islands for higher ground. 
The loss of life and property destruction that resulted from the 2004 Sumatra-
Andaman earthquake and tsunami clearly illustrated the need for a tsunami warning 
system in the Indian Ocean comparable to the one that has monitored the Pacific 
Ocean since 1949. Had such a system been operating in the Indian Ocean at the 
time of the earthquake, many lives would have been spared. 
SEISMOLOGY 
The prediction in terms of place, time, and magnitude of earthquakes is a 
goal of every seismologist. Although we are still a long way from making accurate 
predictions of any of these parameters, data are being collected which hopefully 
will allow such predictions to be made at some future date. To provide such a data 
base, the U.S. Department of the Interior established the National Earthquake 
Information Center (NEIC) at Golden, Colorado. Data from over 3,000 seismic 
stations located in 120 countries worldwide, including the United States, constantly 
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send data to the NEIC. These data are then used to quickly estimate the magnitudes 
of earthquakes occurring worldwide. One objective of the NEIC is to notify the 
appropriate relief agencies throughout the world so that they can provide help for 
those involved. However, the major objective is to improve the ability of 
seismologists to forecast future earthquakes based on a combination of historical 
data and pre-quake seismic activity. 
The prediction of earthquakes suffers the same shortcomings as predictions 
of other natural events such as volcanic eruptions and landslides; the prediction are 
not of a level of precision that would result in people taking notice. The average 
individual is not impressed by the prediction of a major earthquake sometime within 
the next 50 years. Such predictions, based on pre-historic and historic data, are 
considered long-term predictions and are of limited use either to individuals living 
in earthquake-prone regions or to those whose job it is to plan for future disasters. 
What is wanted are short-term predictions that will accurately predict an earthquake 
event within a few days, or perhaps hours, of it's occurring, thereby allowing 
individuals sufficient time to vacate the area. It appears that such short-term 
earthquake predictions are still a long way off. As a result, most disaster planning 
consists of designing and building structures that will withstand earthquake 
shockwaves with limited damage. For example, a common aftermath of earthquakes 
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involve buildings that had "fallen off' their foundations•. Rather than buildings 
falling off their foundations, what actually happened was that the horizontal 
movement of the Love surface waves pulled the foundation out from under the 
building. As a result of this finding, California passed building codes that require all 
new structures, including single-family dwellings and older buildings undergoing 
major renovations, to be bolted to their foundations. With fire being the major cause 
of property damage in most earthquakes, California also requires utilities such as 
hot water heaters and stoves to be securely fixed to a wall rather than left free-
standing. It has been long known that buildings with foundations anchored into 
bedrock have the best chance of surviving an earthquake while those built on fill, 
especially water-saturated fill such as that underlying the Marina District of San 
Francisco, have the highest levels of damage. Loose materials such as those found 
in landfills and especially water-saturated loose materials actually amplify the earth 
movement, resulting in the liquefaction of the materials as seismic waves pass by. 
As a result, land-use planning has become a major criteria in earthquake-prone 
regions. The construction of commercial or private buildings on such sites is either 
discouraged or prohibited. In addition, storage facilities for materials such as 
flammable gases and liquids or caustic chemicals are prohibited from sites 
considered to have the potential for high earth movements. 
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